i Experiments were performed to critically demonstrate the effects of diffusion on the aluminum depletion and degradation of NiAl coatings on superalloys. Pack aluminized IN 100 and Mar-M200 were diffusion annealed in 5x10" torr vacuum at 1100°C for 300 hours. Aluminum losses due to oxidation and vaporization were minimal. Me.tallographic and electron microprobe analyses showed considerable ..interdif fusion of the coating with the substrate, which caused a., large decrease in the original aluminum level of the coating.. Subsequent cyclic furnace oxidation tests were performed at 1100 C using 1 hour cycles on pre-diffused and as-coated specimens. The pre-diffusion treatment decreased the oxidation protection for both alloys, but more dramatically for IN 100. Identical oxidation tests of bulk NiAl, where such diffusion effects are precluded, showed no signs of degradation at twice the time needed to degrade the coated superalloys. These results, plus limited tests showing the reduced oxidation resistance of aluminum-poor NiAl, suggest a degradation model whereby the coating is first depleted of aluminum by diffusion, (as opposed to Al ? 0^ spalling),
then rapidly degraded by the formation of spall-prone oxides.
INTRODUCTION
As aircraft gas turbine .inlet temperatures have increased, blade materials have been coated to reduce the adverse effects of oxidation. Recent advances in directionally solidifed eutectics will allow even., higher blade temperatures (~1100°C) and require greater protection from coatings. It has been shown, however, that current N.iAl coatings fail during cyclic I o oxidation at 1100°C in times less than -1000 hours. '
The failure of the coating is generally assumed to result from the alternate formation and spalling of an Al^O? film dur-3-7 ing cyclic oxidation.
Repetition .of these processes leads to aluminum depletion and a .resultant acceleration of oxidation.
That aluminum is remove.d. from, the coating is an often demonstrated fact. But that, .this,.is. .a result of the initial oxidation and A1 9 0, spalling has not been conclusively proven. An It is important to determine which mechanism controls coating breakdown if improvements are to be sought. Diffusion annealing of, .the coated specimens was .performed in a vacuum tube furnace at. 1100°C for 300 hours. The coated j specimens were first preoxidi.zed in 1100°C air for 2 hours in order to form an A1 2 0 3 film... This was needed to prevent vaporization of the coating during vacuum annealing. A moderate vacuum of 5x10" torr also prevented gross aluminum depletion of the coating by curtailing both..vaporization and oxidation. A weight gain often occurred for both the pre-oxidation and vacuum annealo ing treatments (0.8 mg/cm total max). Since primarily A1 2 0 3 was formed, a mass balance calculation could be performed to determine the actual amount of .aluminum.lost. This loss was 7 found.to be 0.9 mg/cm or only 4 percent of the aluminum de- Microprobe data on these specimens also bears this out ( fig. 9 ): virtually no. depletion zone was apparent for the pure 
